Splenic nodules from 38 cynomolgus monkeys (Mucaca fusciculuris) which were captured in Malaysia and Indonesia were studied histologically. The lesions were characterized by well-circumscribed focal fibrosis, accumulation of eosinophils and histiocytes, hemorrhage or hemosiderosis, and loss of normal splenic architecture. Small arteries in the lesion frequently had intimal thickening and narrowing of the lumen in addition to the presence of microfilanae. Microfilariae were also seen in the extravascular area of the lesion, and were occasionally engulfed by multinucleated giant cells. The splenic lesion was thought to have been initiated by incomplete infarction caused by intimal thickening and microfilarial occupation of the small arteries.
Filariasis in nonhuman primates is widespread throughout the world. The causative parasites have been reported to be Wuchereria S P ,~ Wuchereria ban-~r o f l i ,~ Tetrapetalonema tarnarir~ae,~ Dirofilaria magnilarvaturn,7. '* Acanthocheilonerna gracilis,I2 Macacanerna formosana, 20 Edesonfilaria malayensis, 22. 27. 28 and Dipetalonema
Few primary lesions were found in primate filariasis, and they were due to tissue invasion by adult worms only. Pathogenic effects of microfilanae have been reported only in one baboon." Recently, experimental infection of Wuchereria bancrofti in the silvered leaf monkey (Presbytis cristatus) was introduced as a useful model for human filariasis, and the splenic and lymphatic lesions due to microfilariae were produced suc~essfully.'~. I 6 However, there have been no detailed descriptions of microfilaria-induced lesions in spontaneous primate filariasis.
In our laboratory, splenic nodules up to 2 cm in diameter were occasionally detected in the captive cynomolgus monkeys at necropsy, and some monkeys had adult filaria worms coincidentally. The histological features of these splenic nodules in the monkeys are reported, and the role of microfilariae on the pathogenesis of these lesions is discussed.
Materials and Methods
All 38 monkeys investigated were captured in Indonesia and Malaysia and transported to Japan for experimental use.
They were part of a group of approximately 3500 monkeys which were imported between 1973 and 1983. They were quarantined for 60 days after arrival and were tuberculin tested. Fecal specimens were collected for bacterial examination, and the monkeys were treated with antibiotics when any bacterial infection was detected. Blood samples for hematological tests were taken from 238 monkeys within a week of their arrival between August 1978 and June 1979. Twentythree monkeys (monkeys 1-23) were used for certain toxicity tests after more than 30 days of training after quarantine. Monkeys were killed under ketamine anesthesia at the end of various test periods. All animal rooms used for quarantine, training, and toxicity tests were air-conditioned and completely protected from flying insect invasion. The follow-up periods for these monkeys in an insect-free environment extended for 632 days (table I) . The remaining 15 monkeys were obtained from about 300 monkeys which were killed or succumbed to poor nutritional condition or to various fatal diseases such as measles, lobar pneumonia, and bacterial enterocolitis during or after the quarantine period. They were selected because of the presence of splenic nodules and because complete histological examination had been done. The follow-up period in the insect-free environment was one to 168 days (table I) in these 15 monkeys.
Repeated clinical examinations included hematology, blood chemistry and urinalysis-done on the first 23 monkeys, but no significant findings attributable to the infestation of filarial worms were detected.
Spleens and other samples of representative internal organs and tissues were collected at necropsy from all monkeys and fixed in 10% formalin solution immediately after macroscopic examination. A11 tissue blocks were trimmed, washed in tap water, dehydrated in an automated processor, and embedded in paraffin. Serial sections were obtained from most splenic tissue, including the lesions. Sections were cut at 5 p m and stained with hematoxylin and eosin (HE), periodic acid-Schiff (PAS), Heidenhain's azocarmine, Weigert's method for elastic 
Results
Blood films were made from the blood samples collected in the daytime from 253 monkeys imported from 1978 to 1979. Although only six monkeys (2.4%) were positive for microfilaria in these blood films, microfilaria was detected in seven of 35 monkeys of one group imported in April 1979 when blood samples were taken twice in the night. Two different-sized microfilariae were seen in the blood films of these monkeys. The larger one measured 180 to 270 pm in length and 6.0 to 6.8 pm in width ( fig. la ) and the smaller one was 100 to 120 pm and 2.6 to 3.4 pm ( fig. lb) in the dried and ethanol-fixed blood films. Both microfilariae were unsheathed.
Macroscopically, most lesions were detected as almost round nodules, up to approximately 2 cm in diameter. They protruded from the margin of the spleen ( fig. 2a ). There sometimes were several nodules in the spleen, but many monkeys had only one. The nodules were ordinarily dull yellow or gray and reduced the original color of the splenic parenchyma. The cut sur- face of the nodule was flat and fibrotic and contained hemorrhagic spots of various sizes ( fig. 2b ). Thirteen of 38 monkeys had macroscopic lesions due to adult filaria worms coincident with these splenic nodules. The adult filaria worms migrated into the pancreas, lungs, mesentery, or skeletal muscles (i.e., semitendinous and pectoral muscle in four monkeys). Each of the remaining nine monkeys had a granulomatous mass that contained several worms in proliferated connective tissue along the thoracic and abdominal aorta. The perithymic or perirenal area was most frequently affected.
Adult filaria worms from the lesions in three monkeys were identified as Edesonfilaria malayensis. Many parasitic lesions caused by Pneumonyssus spp, Nochtia nochti, Oesophugostornurn sp, Heputocystis kochi, or Pentastomida, similar to those described in previous were occasionally detected, but no macroscopic lesions thought to be related to microfilaria or adult filaria worms were seen in any other organs.
Microscopically, the splenic nodules consisted of granulation tissue with various degrees of fibrosis, frequent accumulation of eosinophils and histiocytes, and focal hemorrhage or hemosiderosis (table 11) . They always were located just beneath the capsule and were well-circumscribed from the normal splenic tissue ( fig.  3 ). Some larger nodules were formed by fusion of several small foci. Normal structure of the spleen was completely lost and replaced by densely proliferated fibroblasts that contained many capillaries in the lesion. A fine framework of argyrophilic fibers was also observed in all parts of the lesions. Some parts of the nodule often had a marked proliferation of fine collagen fibers. These collagen fibers occupied the intercellular space of fibrocytes and had an appearance of hyalinelike substance; the cellularity was decreased in these areas ( fig. 4) . Focal hemorrhage or intense hemosiderosis was also conspicuous in many lesions.
In 23 monkeys, cross sections of microfilariae were seen in the nodule. The microfilariae were most often located in the lumen of the small arteries and less frequently in the extravascular area. Extravascular microfilariae were rather degenerative and destructive. The microfilariae also were seen in the capillaries of other organs, but their population was exceedingly high paperS1.
I I , 14.17.19.26 in the splenic lesion. Many histiocytes accumulated and surrounded the extravascular microfilariae and occasionally formed multinuclear giant cells ( fig. 5) . These multinuclear giant cells sometimes engulfed the degenerating microfilaria ( fig. 6 ). Various numbers of eosinophils infiltrated the lesion with a few lymphocytes and plasma cells. Two sizes of microfilariae also were observed in the tissue section. Although their exact length could not be measured in the tissue sections, the entire lengthpf the microfilaria was never shown in 5 pm sections; the average width of the larger microfilaria was 6.3 pm and the smaller one was 2.6 pm. There were fewer small microfilariae than larger ones, and the histiocytic response to them was minimal. The intimal tissue of the small arteries frequently had fibrous thickening and enlargement of endothelial cells with the presence of microfilariae in their lumen in the splenic lesion ( fig. 7a) . Sometimes pyknotic endothelial cells were also seen in the affected artery. Medial muscle layer also was fibrotic in some arteries and often was associated with disintegration or duplication of the internal elastic lamina (fig. 7b) . The lumen of these arteries was narrowed not only by the intimal thickening but also by the fact that microfilariae were present. Some arteries were almost completely occluded. Intimal thickening of such small arteries was never noted in the intact splenic tissue and other organs.
Discussion
Spontaneous and experimental filariasis of the monkey in Southeast Asia has been reported by many authors,2. 6.8.9.2 I. 22 b ut interest was primarily in the identification of the species of filaria worms and the periodicity of microfilariae. The lesion description was relatively brief compared to detailed morphological observations of the adult worms and microfilariae.
Moreover, most lesions in these studies were caused by invasion of the adult filaria worms into the thoracic or peritoneal organs and tissues.
In the present study, however, 14 monkeys had macroscopic lesions caused by tissue invasion of adult worms. These lesions were essentially granulation tissue with severe eosinophilic infiltration or polymorphonuclear cell response to the tissue damage caused by penetration of the parasite. These changes are similar to those previously described.6 On the other hand, a splenic lesion considered to be caused by circulating microfilariae has been described by only a few authors to date.". 15, l 6
The present investigators have encountered single or multiple splenic nodules occasionally in their routine necropsy of macaque monkeys which were imported from Malaysia and Indonesia. Histological examination of these lesions from 38 monkeys revealed that they were granulation tissue. Microfilariae, which occasionally were engulfed by giant cells, were found in the lesions of 23 monkeys. The giant cells that engulfed the microfilariae also were observed in the subcapsular region of the spleen of the silvered leaf monkey which had been infected experimentally with Wuchereria bancrofti. 1 5 3 I6 It is considered that eosinophilic infiltration and histiocytic response is promoted by degenerating extravascular microfilaria because no leukocytic response was seen to the intraarterial microfilaria. These microfilariae might not be located incidentally in the splenic lesion; rather, they might actively collect in the splenic tissue and cause the tissue damage due to the high population of microfilariae in the splenic lesion. However, it remains unclear whether this agglomeration of microfilariae is attributable to their splenotropism or to the ability of the spleen to entrap circulating foreign bodies.
The arterial changes in the splenic lesion have never been described in primate filariasis. Degenerating change or hypertrophy of the endothelium similar to those in lung capillaries of canine occult dir~filariasis~ were also observed, however, no morphological evidence for cell-mediated hypersensitivity reaction was seen and there were circulating microfilariae in our monkeys. Therefore, it is possible that irritating action due to mobility of the microfilariae rather than inflammatory response to the microfilariae caused the endothelial damage and the following intimal thickening. Anatomical characteristics of the arteries of splenic tissue may also play a role in the susceptibility to such irritating action. The arterial change also resembled the early stage of arteriosclerosis, but the small arteries outside the splenic lesion and those in other organs never had a similar change except for some larger, sclerotic arteries of the heart or kidneys in older monkeys.
The lumen of some affected arteries was almost completely occluded: this led to infarction of the area supplied by these arteries. In the monkey under study, no recent necrosis suggestive of recent infarction was observed. Complete loss of normal structure of the splenic parenchyma may be strong evidence of such a necrotizing process. Focal hemorrhage or kemosiderosis in the splenic lesion also was evident for the preexisting necrosis of this area. It is possible that infarction is mild and prolonged because active mobility of the microfilariae in the lumen may result in incomplete and intermittent occlusion. Necrotic change of the blood vessels might be essential for the extravasation of the microfilariae and the following inflammatory process in this lesion, because in the intact part of the spleen and other organs, the microfilariae were always seen only in the blood vessels. This also suggests that microfilariae of this species could not penetrate an intact vascular wall.
Two sizes of microfilariae were detected in the blood film of the peripheral blood and tissue sections of splenic lesions, although all adult filaria worms from three monkeys were identified as Edesonfilaria rnalayensis. The size of microfilariae of Edesonfilaria malayensis are reported to be small (161 -173 pm X 3 pm) by one author' and 128 -154 (average 141) pm X 2 -5 pm by another." In our monkeys, the smaller microfilaria measured 100 -120 pm X 2.6 -3.4 pm, and the larger one was 180 -270 pm x 6.0 -6.8 pm in blood film. Widths were nearly the same in tissue sections. The considerable width of larger microfilaria was similar to those of Dirofilaria m a g n i l a r~a t u m ,~~ but the length of our microfilariae (maximum 270 pm) was about half the length of microfilariae of D. magnilarvatum (580 f 10 pm). The difference in blood film preparation and the method of fixation must be considered with the different sizes of microfilariae among the many species of Filarioidea. It is unlikely that the two sizes of the microfilariae indicate different growing stages25 of Filarioidea, because larger microfilariae were detected in the splenic lesion of the monkeys which were kept for more than 500 days in a flying insect-free environment. The size of microfilariae has been studied from some species of Dirofilaria and Dipetalonema, but no other species of Filarioidea was examined in the monkey.24 Identification of the causative species of Filarioidea requires further study.
